As a first step of a space charge -nonlinear resonance benchmarking experiment over a large number of tums, beam loss and emittance evolution were measured over 1 s on a 1.4 GeV kinetic energy flat-bottom in the presence of a single octupole. By lowering the working point towards the resonance a gradual transition from a loss-free core emittance blow-up to a regime dominated by continuous loss was found. Our 3D simulations with analytical space charge show that trapping on the resonance due to synchrotron oscillation causes the observed core emittance growth as. well as halo formation, where the latter is explained as the source of the observed loss.
INTRODUCTION
The study of the combined effect of space charge and nonlinear resonances over as many as io5 -lo6 tums is gaining importance with the need of optimizing the performance of synchrotrons employing high intensity or high phase space density. The latter is relevant for the PS as part ofthe injector for the LHC; furthermore for the SlSlOO of the GSI future project [I] , where it is necessary to hold the high-intensity bunches between injections over typically 1 s, and at a loss level not exceeding 1%. Up to now comparison of simulation with experimental work for second or higher order resonances has been successfully carried out in the millisecond time frame [2, 3] . In the realm of longterm behavior. instead, where self-consistent 3D simulation is beyond current computer capabilities, the question of adequate approximations in space charge calculation is a challenging one. Moreover, an explanation of the proper mechanisms describing the combined effect of nonlinearity, space charge and synchrotron oscillation -as suggested recently in a simplified model in Ref. [4] -is crucial.
MEASUREMENTS
The measurements where canied out as part of a high intensity machine development time at the PS in October 2002. The number of protons in the hunch was 1.1 . lo1=
-small enough to avoid overlap with other resonances. A vertical maximum space charge tune shift of 0.12, and a horizontal one of 0.075 (for minimum amplitude particles) were achieved with relatively small emittances of cz =, 9 mm rmad and cy = 4.5 mm wad (unnormalized tance growth dominated regime for Q. sufficiently above the resonance -in our example Q. > 6.28, and a loss dominated regime for Q. < 6.28. It is.noted that for the working point of maximum loss (Q. = 6.27) the emittance also shrinks, since large amplitude particles are preferably extracted. The time evolution of the bunch intensity for Q. = 6.27 is shown in Fig. 2 . Note the continuous loss at a nearly constant rate after an initially enhanced loss (the intensity drop at 1200 ms is caused by the kicker event). for IO5 Nrns Note th3t one expects a the~mucnl redurtion proponiond to the inverse square r w t of the wtupole strength. which is roughly confirmed hy our simulation,.
Wc first attempt 3 compansiin with the iully self- In order to explore the evolution over significantly longer times we replace the fully self-consistent space charge calculation by an analytical approximation. While such analytical space charge models ignore the dynamically changing space charge force, they have the advantage o f being much faster and avoiding the inherent noise of PICsimulation. A S a first example we extend the above 2D coasting heam study with the same transverse rms values,, a Gaussian transvene distribution and an analytical space charge force consistent with the initial Gaussian dmrihution using a method generalized from Ref. [b] . The result after lo3 turns i s found to deviate by not more than 3 z l O l from the self-consistent sirnulation. with practically no change between lo3 and lo5 turns. This suggests that self-consistency might not be an important factor as long as emittance growth or loss are small enough.
For the 3D simulation we employ a density distribution ofthekind ( l -~~/ a~)~i n a l l t h r e e d i r e c t i o n s . The dependence on the working point is shown in Fig. 4 to give a similar behavior as in the experiment for Q. > 6.28, hut no loss for smaller tunes. For better comparison with the experiment we apply a Gaussian fit to the simulation data and determine the rms emittance from it, which puts the emphasis on the core emittance. Note that the relatively large emittance growth without accompanying loss particles from high to low space charge, thus a large n uber of particles is able to periodically cross the resonance at various betatron amplitudes. Eventually such panicles are caught by the resonance, which implies that they are driven to larger transvene amplitude to compensate the enhanced space charge when moving hack to the bunch center. As was shown in Ref.
[4] such trapping may be followed by de-trapping after some time unless the particle hits the aperture. Therefore the resulting maximum halo increases for Q. + 6.25 (Fig. 6) , which is the reason for the loss region in the experiment, where apparently further nonlinearities cause a smaller dynamic aperture than in the simulation and lead to extraction. Note that for QZ + 6.32, where the resonance loses its effect, the maximum halo size agrees with the initial beam edge of 30.
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Figure 4: 3D simulation using analytical space charge (40 A octupole). Shown are simulated rms emittances (Gaussian fit) after 5 . lo5 turns, and experimental values.
The rms emittance evolution of a typical case is shown in Fig. 5 , which compares well with the measured data.
The main difference is that the simulation rms emittance growth saturates, since particles with a small enough synchrotron amplitude (depending on Q.) can never cross the resonance. We compare this result with a modification, where the growing emittance is used to update the horimntal rms size. AS a result of this m self-consistency space charge gets weaker, which allows more particles to cross the resonance. This enhances the growth and leads to even better agreement with the measurement. 
CONCLUSION
The synchrotron oscillation has hem shown to enhance significantly the response on the octuple. In the emittance growth regime quite g o d agreement is achieved with the measurements over half a million turns, which supports our 3D space charge model and interpretalion. We predict the formation of a halo increasing in size for Q, + 6.25 and claim this is the source of the measured loss. Future measurements should consider weaker octupoles, where the predicted halo might he entirely inside the dynamic aperture. Cross-checks with fully self-consistent 3D simulation over some lo4 turns are planned for the near future. 
